The farmland irrigation system is the lifeblood for the agriculture; due to the fact that the farmland irrigation facilities in Taiwan cover a wide range of area, the traditional Web-based system cannot appropriately meet the dynamic service requirements in the field, and their resource services could not be fully shared and reused. Therefore, in response to the distributed environmental requirements of the farmland irrigation facilities, the mobile grid will combine the grid resource framework and the mobile service mechanism: the grid resource sharing mode addresses the bottleneck in the use of the distributed information; through the use of the radio frequency identification (RFID) technology as the information trigger component of the gird nodes, the on-site patrol performance of the irrigation facilities is improved; and the combination of the global positioning system (GPS) and geographic information system (GIS) systems to build the grid application presentation interface facilitates the monitor of the irrigation facilities and patrol status. With the help of the integrated service platform of the mobile grid, the wide-area distributed nodes can be optimally controlled and used.
INTRODUCTION
For the wide-area object management, the integrated application mode of the distributed system can provide effective support service for multi-mode environment. As the distributed system architecture has the advantages such as being economic, efficient, reliable, and future growth (Castelli et al., 2008) , developing various presentation components based on the mechanism will contribute to the dynamic retrieval of information contents of each node; and at the same time, the information resources existing in many sites can be synchronously rendered through the application integration platform (Snediker et al., 2008) .
The grid computing can be used in the distributed *Corresponding author. E-mail: chen1868@gmail.com.
network applications, covering from the content sharing of storing information to the collaboration of the computing resources (Assunção and Buyya, 2009) , and through the load-balancing mechanism, it can enhance the utilization of node resources and cut down on the cost for retrieving the information. Therefore, in view of the fact that the farmland irrigation and other hydraulic structures are deployed in towns, fields, or tribes, and in order to improve the performance of monitoring the irrigation facilities and patrol operations, this study is based on the grid system to construct a resource-sharing platform so as to support the resources requirements of distributed nodes; moreover, in response to the on-site requirements of node environment, a mobile platform is implemented to improve the grid connectivity and practicability: the radio frequency identification (RFID) is used as the object-identifying component to improve the operating bottleneck of on-site patrol; the global satellite positioning system (GPS) is used as the objectaddressing component to control the location coordinates of irrigation facilities and the patrol routes; and finally the geographic information system (GIS) is used as the space attribute presentation components to render the monitoring result. Therefore, the integration structure of the mobile grid will be helpful to improve the performance of wide-area resource management and to suit the distributed on-site operation mode.
Relevant technology

Grid
The grid architecture has layers of data, computing, information, and knowledge (Veltri et al., 2007) , and provides the following application services.
1. Data and computing layer: Responsible for coordinating the data processing and distributed computing and providing services such as resource management, authorization/ authentication and access security (Fang et al., 2009 ). 2. Information integration layer: Responsible for integrated information services and providing services such as data storage repository or collaboration (Lu and Sy, 2007) . 3. Knowledge application layer: Mainly user-oriented and providing management analysis and operational support such as quantifiable service or user interface (Dimou et al., 2009; Scheibe and Rees, 2006) .
The grid is known for properly utilizing the idle resources to handle large amount of data and assigning tasks to multiple nodes for processing at the same time, so it is feasible to construct a safe and stable storage, management and sharing mechanism (Taylor, 2007) . Due to the fact that the farmland irrigation facilities are widely dispersed, the use of grid framework makes it possible to achieve the collaboration of workstations and end nodes so that the information nodes can achieve the purpose of resources sharing and load balance (Cambazoglu et al., 2007) (Phioura and Spanoudakis, 2007) .
Radio frequency identification (RFID)
With the irrigation facilities being set up in the outdoor environment and in response to the operation requirements for on-site patrol, utilizing the mobile service to enhance the dynamic information retrieval capability of the grid system (Lee, 2007) will contribute to the promotion of real-time monitoring of irrigation facilities. Therefore, the use of RFID mechanism can enhance the mobile service capability of the grid system.
Radio frequency identification system is mainly composed of the tags, readers and middleware, capable of integrating with a variety of application systems, and suitable for serving as a component for data processing and information operation (Chen and Tu, 2009 ). An RFID memory chip for recording information is attached onto the object, and through the RFID technology, the reader identifies and transmits the information stored to the back-end system so that managers can acquire real-time status information of the object; moreover, the read/write capability of the RFID contributes to load diversified information contents of the object. When compared with the traditional bar code, which is unrecognized once smeared, the RFID has better survival ability under bad environment and has advantages such as reusability and durability (Chen and Tu, 2009) , and so the RFID is deemed as an important and new generation of application technology for monitoring objects. Therefore, for the audit requirement of farmland irrigation facilities which are mainly in the outdoor environment, the RFID, compared with other identification technologies, is more suitable as information media (Vellidis et al., 2008) .
Global positioning system (GPS)
GPS is a mid-range circular-orbit satellite navigation system and it can provide accurate positioning, velocity measurement and time calibration for nearly all areas of the earth surface (Nasirin and Birks, 2003) . Its positioning functionality is realized by employing the basic satellite triangulation.
The GPS receiver estimates the transmission time of the radio signal to measure the distance, and uses the distance to figure out the location of the satellite in the space. After the receiver receives signals coming from multiple satellites, it uses the trigonometric formula to determine the receiver's location. Three satellites can determine the so-called twodimensional positioning (longitude and latitude), four or more satellites can determine the so-called threedimensional positioning (longitude, latitude and height), and with the receiver incessantly updating the location, it is able to determine the moving direction, path and velocity of objects. The GPS system has multiple advantages, including: around-the-clock operation, free of the impact of weather, providing three-dimensional time determination, speed determination and high-precision service functions, and carrying out the mobile positioning.
To track the location of object in the outdoor environment, the location identification service technology, with the help of the global satellite positioning system, can figure out the coordinates of the object (Choi, 2007) . Therefore, the manager of the irrigation facilities, by utilizing the coordinates rendered by the mobile GPS device, can get the exact location of the irrigation facilities and the status of the patrol routes (Ngai and Gunasekaran, 2007) .
Geographic information system (GIS)
Commonly seen information system can not accurately describe the environmental status and geographical phenomena (Ritchie et al., 1978; Eldrandaly, 2006) . GIS can collect spatial data in a digital format so as to facilitate users to easily and effectively present information contents (Benenson et al., 2010) , and it can be used for specific application requirements to meet onsite operation requirements. The background information of the hydraulic resources and spatial vector are highly relevant (Sedlak et al., 2010) . Take the patrol items of the farmland irrigation as examples. The "average rainfall" and "water distribution" are main factors; moreover, the spatial information and height attributes, such as "warning level of water" or "watershed rainfall", are highly mutually dependent (El Nahry et al., 2011) . Therefore, if the system which supports the irrigation facilities employs the GIS spatial analysis and map display capabilities, it can render the spatial attribute information (Gamanya et al., 2007) , and, with the visual interface and the multidimensional presentation mode, provides users with more detailed information (Fan, 2009; Lacasta et al., 2007) .
SCENARIO
Case study
Based on the operational characteristics and application requirements of the farmland irrigation management in Taiwan, on-site survey and requirement analysis get the following result: It has been more than one century for the farmland irrigation development in Taiwan till now. There are 17 irrigation associations in Taiwan to implement the government policy. Based on the statistical reports (Taiwan Joint Irrigation Association, 2008) about the farmland irrigation and drainage facilities under the jurisdiction of the irrigation associations, it shows that the total length of irrigation canals is more than 46,000 km, the total length of waterways is more than 23,000 km, and in addition, there are more than 160,000 tunnels, dam gates, reservoirs, water gates and other constructions, which are located in the vast 380,000 ha of land under the jurisdiction of 17 irrigation associations in Taiwan; due to the fact that there are more than 100,000 hydraulic structures for irrigation purpose and there are 3,000 gate control regions, monitoring and patrol are quite complicated.
The information processing model in the past is that the workstations of the irrigation association located in the counties or cities are connected to servers of the Water Resources Agency; although there are some advantages such as simple structure and easy maintenance, several problems are encountered anyway:
1. Effective utilization and sharing of the system resources is infeasible: If many nodes access the central Wu et al. 6501 database at the same time, system overload may occur, while operations or access requests cannot be switched to the idle system resources for processing. 2. Lack of real-time object sensing and identification: Since there are many kinds of and a large number of hydraulic structures under the jurisdiction of the irrigation associations, the lack of synchronous facility identification information makes it difficult to ensure good management of these facilities. 3. Monitoring the location of facilities and patrol status is difficult: The traditional patrol is done mainly with paper record, so the system cannot effectively pinpoint the target location and can not monitor the status of patrol people. 4. Simultaneous support for the geographic information and image is not feasible: Good monitoring of outdoor facilities must have the real-time geographic information support, but the traditional information systems cannot provide relevant services.
After the practice workflow and operational bottleneck of the farmland irrigation facilities management have been identified, at first a prototype of resource grid framework is set up, the Web Services are used to develop the information-exchange mechanism and platform so as to address the data exchange issue due to heterogeneous system architectures and data formats existing in the hydraulic organizational units, and through the resource sharing of storage and operation, the access efficiency of system resources can be improved. Moreover, for the real-time on-site monitoring of the hydraulic environment and facilities, mobile technology such as the RFID and relevant interface modules are developed in order to meet the on-site monitoring and patrol operation requirements for the farmland irrigation facilities.
Resources grid prototype
For the distributed application requirements of the farmland irrigation, the resource grid comprising the storage/operation resource sharing is constructed, and the main system architecture for the resource grid is shown in Figure 1 . The service components are divided into four layers according to the operation characteristics:
1. Configuration layer: the main provider of individual workstation configuration management, node configuration and monitoring, fault tolerance, recovery service and other physical services; this layer will record available operations or storage resources for the workstations in the water resources bureaus and patrol people's mobile devices, and it also provides off-line operation and connection synchronization so as to facilitate the operation of each node providing the hydraulic information service. 2. Data-link layer: the main provider of database management services, including user identification and access control, database management system, and component replication/copy. Workstations in different water resources bureaus do the system replication and backup, and user authentication and information access control service are also provided. 3. Collaboration layer: This layer provides the information load monitoring and job assignment. The main service contents include resource management and job scheduling. The grid workstations in different water resources bureau will monitor the system resources under their jurisdiction, and give the end users convenient and effective system support when the end users propose requests for the geographic information access, patrol route planning or hydraulic resource operation. 4. Presentation layer: In response to the grid application requirements, this layer provides system interfaces of farmland irrigation patrol and monitoring, including information transmission and contents service on the mobile devices.
The operation flow of the resource grid is shown in Figure  2 . After the user goes through the security authentication, a process done by the Security Manager of the link service layer, and enters the system, he can submit the job to the Resource Manager for processing, The Resource Manager sends the job request, based on the resource status of the storage components and computing units, to the Job Dispatcher, and then the Job Dispatcher forwards the job to the appropriate unit for further processing. All these activities will be recorded in the Log Repository as the reference source for the job monitoring and resource audit done by the resource grid. The Job Dispatcher will return and render the execution result of the job and the resources requested by the user to the user through the service components of communication and information.
Scenarios of the mobile technology application
The farmland irrigation facilities are characteristic of a large number and variety, as well as dispersed construction locations; therefore, through the resource grid, connecting to the distributed system resources such as communication, computing and storage components and providing illustrated communication interfaces will help to integrate and share information contents and system resources on each node. However, the farmland irrigation facilities are installed in the outdoor environment; in order to improve the efficiency of facilities patrol and to ensure the accuracy of information contents, the Communication and Information Services are developed on the presentation layer of the grid, which serve as support for the mobile application. The overall framework will meet the on-site practical requirements for the farmland irrigation facility management. Among them, as shown in Figure 3 , Communication Service has the following main contents: (1) Employing the mobile RFID reader to sense the RFID tags attached to the hydraulic constructions to do realtime asset identification of the farmland irrigation facilities; (2) With the help of 3G and other wireless communications channels, the patrol records entered into the mobile devices interact with the resource grid so as to facilitate on-site message immediately sent back to the grid for data storage or operation analysis; in addition, the Information Service provides the integration of GPS and GIS; (3) The GPS positioning mechanism is employed to guide the patrol people to quickly leave for the farmland irrigation facilities to be patrolled; (4) Through the GIS platform, integrated and illustrated contents for the farmland irrigation facilities can be rendered, and at the same time downloading geographic image information onto the mobile device is provided so that real-time rendering of the diversified information contents such as the location and spatial attributes for the target object is feasible.
Therefore, the presentation layer of the resource grid integrates the RFID, GPS and GIS technologies, and the managers will employ the mobile services for more convenient and mobile system support, thus dramatically reducing the overall cost for patrol operation and monitoring management of the farmland irrigation facilities; moreover, combined with system resource sharing mechanism provided by the resource grid, the distributed service requirements for the farmland irrigation facilities can be met and thus the integration of information resources is feasible.
ANALYSIS OF THE SYSTEM INTEGRATION
For the resource management and mobile service requirements of the farmland irrigation facilities, in addition to the basic functions such as configuration and security authentication, the mobile grid is mainly responsible for resource allocation and job dispatch, and returns the service result onto the mobile devices to respond to the on-site operation requirements.
Collaboration mode of the resources grid
As for the collaboration mode of the resource grid in this study, the user must go through the security authenticcations, such as user identity and access right before requesting for the system resources from the resource grid; the grid then proceeds with related system processing, as shown in Figure 4: 1. When requesting for the system resources, the user must refer to the resource manager for storage or computing load conditions, such as: GIS image transmission, or GPS patrol route planning; 2. The job dispatcher arranges the job scheduling and dispatches the processing units, for example: if the GIS server in a region has heavy workload, then the resource request will be automatically sent to the water resources bureau for further processing; 3. After acquiring the relevant service resources, the processing unit gets started with running; 4) The execution result is returned and rendered onto the user interface; 5. After the service request is ended, the resource manager will release resources for future use.
Different from the master-slave network computing architecture, in the collaborative operational flow of the mobile grid, only in the "Resource Request" and "Results" phases does the transmission over the network occur aiming to cut down on the burden on the network and host resources; at the same time, the service components responsible for resource management and job dispatch, as shown in Figure 5 , in addition to receiving Request and proceeding with the XML Parser conversion, is linked with the job scheduler, and callQueueJob(), which is provided by the job dispatch service component, will place the job into the queue; at the same time, runShellScript() is employed to acquire and use the data or computing resources in the grid, and getRemoteCluster() is used to proceed with the monitoring and feedback of the system resource status so as to facilitate users to get control over the status of resources available and machine load condition.
Mobile system support of the grid
Automatic object recognition
In order to effectively identify the farmland irrigation facilities distributed over the outdoor environment, the RFID technology will be employed to serve as the basic component for facility identification, and the RFID tag number and coordinates are key values which are served as the identification object for transferring the node message and grid resources integration; at the same time, in response to the distributed management requirements, the RFID and mobile devices are employed to ensure correct patrol contents. The RFID employed in the grid system and the application architecture is shown in Figure 6: 1. Deployment of the basic components: The RFID tag is embedded into a board next to the irrigation facilities to record some basic attributes such as node identification code and location coordinates. the Bluetooth to provide the RFID reader and mobile communication functionality, and the second step is to design the XML-RPC/SOAP-RPC framework to connect to the grid in order to link the RFID tag message on individual node to the grid resources. 3. Development of the implementation interface: The RFID patrol application on the mobile device is developed so that the on-site patrol people can use it; with the help of GPS / GIS, the patrol record is converted into the XML format for uploading to the grid; or, the patrol people can link to the grid database and download the stored geographic image data to the mobile devices so as to improve the efficiency of on-site patrol work.
Installation of the middleware: The first step is to use
GPS / GIS data flow analysis
Application of RFID technology will help to ensure the accuracy of facilities identification. Furthermore, the integration of GPS and GIS technology will more concretely render the patrol status of the farmland irrigation facilities, monitoring history and other on-site information; the applications of the mobile grid in the space information is as follows:
1. GPS positioning process: The GPS positioning system is used to dynamically display the location coordinates of the target or patrol person; the coordinates will be stored in the RFID tag and used as the key values for identifying the facilities and linking to resource gird. As for the GPS positioning process, take the farmland irrigation facilities as an example, as shown in Figure 7 , and the processing steps are as follows: a) In the grid database, the irrigation facility is assigned an ID, which is used as the link to the imported attribute data after the positioning is completed.
b) The facility data after normalization is compared with the geography database and then assigned the longitude/latitude coordinates. c) Check of the positioning data and update of the positioning program will be done.
GIS system process:
The use of Web GIS technology to develop the geographic information web sites provides users with ways to proceed with graphical data overlay and positioning operation for the GIS hydraulic resources on the websites; the GIS graphical data contents on the mobile device can be preloaded so that a concise version of data can be first stored to facilitate data access on the mobile device; or through the 3G network, the complete GIS information in the grid is first queried and then the needed graphical facility data and patrol routes can be retrieved. The checking processes of the GIS system, as shown in Figure 8 , are as follows: a) After the user enters a search target area, the system can obtain and send the relevant spatial data to the space tool, and then the target facility can be found through the data overlay; at the same time, through the matching process with the facility database, the basic information of existing facilities can be retrieved. b) After the facility data obtained is sent to the model engine, the model engine refers to the facility purpose to get the corresponding model set from the model database; based on the rules of each model set, the model engine transmits data conditions to the space analysis engine to do the space search and overlay analysis. c) After the analysis result is sent back to the model engine, the next model is obtained and the data conditions are transmitted to the space analysis engine; when a cycle of the model sets is completed, the data result and basic information of facilities are displayed on the screen.
SYSTEM PROTOTYPE AND BENEFIT EVALUATION
System architecture
The management of facilities under the jurisdiction of irrigation associations in Taiwan is mainly for the water supply, water distribution, drainage and peripheral facilities. Water measurement/distribution/adjustment equipments, farmland waterways, subsidiary pipelines and monitoring facilities are examples. As the nodes are widely spread, in response to the monitoring management and on-site patrol requirements for the farmland irrigation facilities, the system architecture of this study, as shown in Figure 9 , is divided into four parts: the front-end mobile operating system (in combination with: RFID identification and GPS positioning), back-end management application interface, grid computing platforms (including: route planning, patrol operation analysis and GIS graphical data modules) as well as grid database. For the purpose of on-site mobile support, the RFID identification and GPS positioning technology are integrated in the front-end so as to construct the dynamic management model of the farmland irrigation facilities; with the help of data storage and rewritable mechanism provided by the RFID tag, the identification data of irrigation facilities is stored in the tag, and, through the identification code, the information contents and system resources stored in the grid database can be accessed; the monitoring management interface is integrated with the GIS contents, rendering diversified graphical information; at the same time, after data update on the collaborative computing platform is completed, the most updated information about the irrigation facilities is provided; and finally, the planning database stores relevant information contents.
Implementation of the application system prototype
The mobile grid system architecture can dynamically retrieve the facility status of the resources grid, graphic geographic information, patrol records, and so on; the mobile device can proceed with the information query and updates any time with the wireless network, which will be helpful for the front-line patrol people working in the on-site environment as well as for the managers having dynamic control over all distributed nodes. The implementation of system prototype is shown below:
Front-end mobile operating system
For the system requirements of farmland irrigation management, the mobile grid implementation with RFID will be divided into three parts:
1. Information processing of the RFID tag: The Alien RFID tag used is mainly a HF-band tag with data storage capacity of 1024 Bytes, and basic data such as attributes, usage, organization unit in charge, and coordinates for each facility are stored in the RFID tag; when the patrol person is on duty, the latest data about the ID number of patrol person, patrol date and time are updated to the tag for on-site management use. The mobile device with GPS positioning system writes the coordinates information of the facility onto the RFID tag. 2. The operation of mobile RFID reader: When the patrol person proceeds with the on-site checking operation, the mobile device is used to save the latest status of farmland irrigation facilities to the cache, and then through a middleware and 3G network, the patrol result is sent back to the server of the back-end grid; the hydraulic construct identified by the RFID reader is integrated with the graphical data in the GIS database so as to provide the patrol person with real-time data query. 3. Patrol management system of the RFID irrigation facilities: It provides functionality such as irrigation facilities management, patrol management, patrol staff management and access right management so as to facilitate the on-site patrol data maintenance of irrigation facilities, and the middleware converts the identification message received by the RFID reader in order to facilitate the automatic identification of the facilities; this system provides data repository so as to facilitate the Afr. J. Agric. Res. storage of graphical geographic data and background information for the facilities.
The GPS positioning function of the mobile grid will provide the following system support:
1. Positioning and correction of the coordinates: The GPS positioning coordinates is overlaid to the electronic map in order to correctly identify the precise location of facilities patrolled and linked to the basic data record to confirm the relevant status; at the same time, the correction of the GPS coordinates is also employed to correct the error arising from the drawing of the electronic map or environmental factor in order to increase the accuracy of data contents.
(2) The correction of the operating time: The standard time provided by the GPS is served as the basis for the patrol time of the irrigation facilities so as to avoid negligence or error arising from the manual operation. (3) Environmental monitoring and tracking: Digital measurement gauges such as the flow meter and water meter set up in the farmland irrigation environment are checked, the data and operating status are recorded, and, with the help of wireless communication, the realtime location of the patrol person and checking status are returned back to the monitoring center.
Back-end management portal site
After the single-window portal site is created, users from everywhere can connect to this portal via the Internet, and, when granted with appropriate access right, can connect to the portal to use grid services, including: monitoring the rivers and pumping stations, checking facility patrol result, and so on.
The portal has four main functions, as shown:
1. Data grid area: This area mainly displays the service contents provided by the data grids, including: image status of facilities, geographic image and corresponding description data, maintenance of the grid settings, and query of records. 2. Message exchange area: This area shows the public announcement and provides the discussion area for users so as to enhance the information exchange function of the grid. 3. System management areas: This area provides users with account application, and the administrator can proceed with the security checking and access right management in this area. 4. Service download area: This area provides application download and automatic update services so as to ensure that the application has the most updated version, including: the main program of the facility patrol, mobile device service components, and the execution environment of applications.
Grid operating platform
One of the main functions of the resource grid is to create the corresponding standard XSLT file for each kind of data source in the form of Web Service. When providing the service is needed, the XML format conversion and output is automatically done. In addition, for the data statistics and analysis, the GIS system is used for rendering distribution information about the irrigation, drainage channels and other hydraulic facilities, and the facility background and patrol record database are integrated to serve as the basis of statistical analysis for irrigation canal distribution and facility patrol. The farmland irrigation facilities are characteristic of dispersed locations, coupled with the fact that irrigation associations and other organizational units manage different types of facilities, which are widespread over many drainage channels, rivers, and tributary lines, so this framework employs the GIS to realize the rendering of the farmland irrigation facilities, which will be helpful for the management and maintenance. The grid operating platform has the following function:
1. Presenting the positioning result: The GIS uses different icons or symbols to render the status and kinds of irrigation facilities and uses the facility attribute Wu et al. 6509 information to present its precise location on the electronic map. 2. Rendering the reality: The Patrol person returns on-site photos or video back and connects to the GIS database via the facility identification number to show the actual status of farmland irrigation facilities so as to facilitate query and browsing. 3 Combination with hydraulic engineering planning: During the irrigation facility patrol process, the facility malfunction or environment monitoring result should be fed back, and these are associated with hydraulic engineering; therefore, by providing a more visuallyoriented GIS engineering management, the spatial status information about the facility location or terrain can be obtained via the electronic map.
Grid database
The database created in response to the farmland irrigation requirements contains the following three parts:
(1) Irrigation facility database: This database is created on the server side in the management system, primarily supporting irrigation facility management, system access right management, patrol personnel management and patrol duty management.
(2) GIS system database: This database is created on the server side in the management system and is used for storing spatial information and attribute contents of the irrigation facilities.
(3) The patrol database: A complete version of this database is created on the server side, while a concise version is installed on the on-site mobile device side. This database is mainly used for information storage of the patrol records.
Benefit evaluation
With the irrigation facilities characteristic of being widely dispersed locations, resources management and on-site patrol operation mode taken into consideration, we combine the grid computing, RFID, GPS and GIS system to propose a mobile grid system mechanism, use the service support of resource grid to enhance the operation and storage capabilities of the mobile node, and also use the mobile technology to improve the operating performance of the on-site node. In order to verify the actual benefit of the mobile grid, we take the farmland irrigation facilities in county A of Taiwan as an example (approximately 1/10 area in the Case Study) and conduct three months of on-line data recording and job observation (totaling 31,768 data records). We find out that the operational framework of the mobile grid can get significant efficiency improvement for the outdoor wide-area distributed management requirements if compared with the original operation mode; the quantifiable performance measurement indices, as shown in Figure 10 , are as follows:
1. Data-sharing ratio of the regional hydraulic center: The original architecture has only 66% of workstations being able to share the database contents, whereas the mobilegrid can make all workstations and nodes able to share real-time on-line stored resources. 2. Average response time for handling a single event:
The original master-slave system architecture takes 3.2 min, whereas the average response time under the computing resource sharing mechanism of the mobile grid drops to 1.1 min, raising the efficiency by 66%. 3. Average recovery time from the machine crash: The original structure takes 154 min to recover the system with the backup recovery mechanism, whereas the backup mechanism of the mobile grid can respond to the immediate connection request within 3 min. 4. Correct identification ratio of the irrigation facilities: The ratio is raised to 99.3 from 95.2% when in the original operation. 5. Correct report-back ratio of the target location: The ratio is raised to 98.7 from 90.3% when in the original operation mode. 6. Response time of information query for the end node: It is reduced to 2.8 from 13.5 min when in the original operation, raising the efficiency by 79.2%.
7. Synchronization time of the on-site patrol records: The original operation mode employs the batch mode for upload, requiring about 4 h to update records; the mobile grid employs 3G mode, requiring only about 5 min for synchronization. 8. Manpower for the patrol operation: The average daily manpower for patrol is reduced to 3 people from five people, reducing the cost by 40%.
From the comparison data shown, there are six benefit items, such as the patrol operation time, patrol record quality, and spatial information representation, as shown in Table 1 , which can provide the irrigation management centers with more accurate information as well as more real-time operation support for the patrol people.
CONCLUSION
The resources management of the farmland irrigation facilities will have impact on the environment monitoring and disaster prevention capacity, whereas the on-site information support and patrol operation efficiency are critical factors. Therefore, we combine the grid system, RFID technology, GPS positioning and GIS information to develop a mobile grid system mechanism with management functionality and easy application so as to improve the existing management, monitoring and on-site 
Measurement items RFID system Traditional operation mode
Patrol operation time With the GPS, patrol person can quickly find out the location of the irrigation facilities, effectively saving the operation time.
With the paper map, finding out the location of the irrigation facilities depends on the patrol person's working experience.
Quality of the patrol record RFID identification, information link, and direct recording into the PDA can improve the correctness of the patrol record.
Manual bookkeeping may cause faults and errors.
Spatial information rendering
The graphical GIS data contents are combined with the multimedia so as to perfectly render the 3D spatial status information.
Only static photos are provided so it is infeasible to render the 3D spatial status information.
Cost of information exchange
The patrol person returns back the realtime information record via the 3G wireless communications, thus causing less time cost.
The patrol person writes down the record, returns back to the hydraulic center, and then the information exchange can be done.
Efficiency of resources utilization
Via the grid system mechanism, it is feasible to take full advantage of the backend resources.
The idle system resources cannot be fully utilized, and the service backup and data integration are not feasible.
On-site operation support
The combination of the mobile device, RFID, and GPS will help to support the onsite patrol operation.
Real-time system information is not feasible, and the workers can only seek help with the telephone.
patrol efficiency. Contributions of this study are as follows:
1. The bottleneck about on-site patrol of the farmland irrigation facilities can be effectively solved: With the help of RFID system constructing the on-site monitoring architecture, GPS system confirming the positioning result, and GIS rendering the state of farmland irrigation facilities, the overall structure can effectively enhance the performance of patrol process.
2. The quality and timeliness of information analysis for the farmland irrigation facilities can be improved: With the integration of the front-end RFID and back-end management system, the deficiency of traditional patrol record can be improved, and with real-time information synchronization through the wireless network, the overall timeliness of facility monitoring and information queries can be improved. 3. Demonstration of the RFID, GPS and GIS system integration: With the integration of these three kinds of technology, the patrol operation efficiency of irrigation facilities can be improved, and the overall structure will be helpful for other application areas, for example: the monitoring of the logistic vehicles or cargo transportation.
Finally, the proposed mobile grid system is not only applicable to the management and patrol requirements of the farmland irrigation facilities, its overall structure, with the resources grid improving the efficiency of processing information and with the mobile technology improving the mobility of information retrieval, can also be the basis for the object monitoring and information interaction in a wide-area distributed environment and for improving the mobility of the grid architecture.
